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Introduction
Financial crises remind investors of the perils of excessive risk taking behaviour. It is not surprising, therefore, that the post-2007 period has seen considerable growth in products that seek to highlight the virtues of limited risk exposure. One such example is the introduction of risk-control (RC) indices; e.g., the S&P Dow Jones family of RC indices. 1 Such series are based on a time-varying weighted average of a (high return/high risk) equity and (low return/low risk) cash index, with the weights determined by the expected level of equity return volatility.
During periods of high expected volatility, a low equity weight is used in order to limit exposure to the risky equity market. By contrast, low expected volatility levels coincide with a high equity weight. It is the desirability of strategies based on tracking these RC indices (henceforth cash/equity (RC) strategies) that we examine in the current paper.
RC indices have received considerable attention in the popular financial press. For instance, the Buttonwood article in the Economist magazine (November 1st to 7th, 2014, p. 80) highlights the virtues of these indices (and the tracking thereof) to pension fund managers who require high returns in order to pay the pledged benefits. As cash pays small returns, these managers invest in equity with higher returns. 2 However, this leaves them exposed to bear markets such as those observed in 2001/02 and 2008/09. Therefore, for such managers the "holy grail would be a combination of equity-like returns with reduced volatility" (Economist, 2014) . As cash/equity (RC) strategies may fulfil this need, their performance is the subject of the current paper.
The cash/equity (RC) strategies studied in the current paper are examples of a wider class of strategies referred to as dynamic strategies. Such strategies are characterised by time-varying positions in assets such that the utility of investors is maximised. Expectations of the moments associated with the returns to the assets are key inputs within this context. Early approaches with a time-varying wealth allocation, viz. the cash/equity (RC) strategy. The latter strategy differentiates itself by delivering a broadly constant conditional volatility. Given that a number of different strategies are considered, it is useful to construct an overall measure of desirability based on a combination of various pairwise comparisons.
The CER framework makes use of unconditional expectations of utility over a particular sample period. Consequently, it is traditionally applied to low frequency data observed over relatively long sample periods. However, the availability of intraday data means that these expectations can be applied over much shorter sample periods; that is, a sample period of one day. In doing this, one is able to generate a daily frequency series of CER values, and to examine the determinants of these values via use of conventional regression analysis. This investigation of dynamic performance (cf. static performance) is undertaken in the second part of the paper and represents the third contribution of the paper.
A number of findings are presented. First, the cash/equity (RC) strategy delivers significant benefits (both statistical and economic) over competing strategies. These benefits are highly dependent on the risk preferences of the user, with the cash/equity (RC) strategy beating the equity strategy for highly risk-averse investors, and beating the cash strategy for risk-neutral and mildly risk-averse investors. Second, the cash/equity (RC) strategy is dominant for investors with risk preferences that coincide with those of the typical investor. However, this result is highly sensitive to transaction costs. For investors who face transaction costs in excess of 10 basis points, the cash/equity (RC) strategy is not generally preferred. Finally, strategy performance is dynamic in nature and highly dependent on the sample period used. Prior to 2006, the cash/equity (RC) strategy offers little benefit to investors. By contrast, the post-2006 period is characterised by strong performance. This finding is argued to be consistent with the inverse risk-return relationship and flight to safety behaviour observed in the post-2006 period (Ghysels et al., 2013 , Baele et al., 2014 , and Adrian et al., 2015 .
The remainder of this paper is organised as follows. Section 2 describes the methodologies used. Section 3 contains the application. Section 4 concludes.
Methodologies
This section contains descriptions of the methods used to construct the RC indices, and the MM-based framework used to evaluate the economic value of competing strategies.
Constructing and tracking the RC index
The RC index consists of an underlying equity index and a hypothetical cash index (that is, a money market instrument index). These two items represent the risky and non-risky (almost risk-free) components of the index. Specifically, the RC index value at time t is given by
where R e t and R c t denote the simple daily returns to the equity and cash indices between day t−1 and day t; and L t = f (Z * , Z t−d ) denotes the leverage factor, which is a function of the target volatility level Z * (henceforth the RC level ) and the realised volatility level Z t−d observed on
is the maximum leverage level permitted and is set equal to 1.5. Furthermore, we assume that the delay parameter d is equal to two. These parameter values correspond to those employed in the S&P Dow Jones family of RC indices.
Realised volatility, Z t , is based on the exponentially-weighted volatility methodology adopted 6 The underlying equity index is often an existing equity index such as the S&P 500 index, while the cash index is constructed as follows:
where It is the interest rate associated with the money market instrument (usually an overnight interest rate) on day t, and Dt is the number of calender days between t − 1 and t.
by the majority of S&P-based RC indices. In particular,
where Z 1,t and Z 2,t are the short and long-term volatility measures, respectively. These are given by Z i,t = 252 × V i,t , with the variance V i,t adopting the following exponential weighting:
Here the short and long-term α i values correspond to those used in the S&P-based RC indices, that is, α 1 = 0.94 and α 2 = 0.97. 7 Three distinct strategies are considered based on the above representation. These are the cash strategy (achieved by restricting L t to equal zero for all t);
the equity strategy (achieved by restricting L t to equal one for all t); and the cash/equity (RC) strategy (achieved by using the above L t values such that the conditional volatility equals the RC level Z * ).
The RC indices can be augmented to include transaction costs. 8 Specifically, returns to strategy k net of transaction costs are given by
where R k,t is the return to strategy k ignoring transaction costs. The total costs of trading are given by
where κ 1 and κ 2 denote the proportional transaction costs associated with trading (tracking)
7 The values of V1,0 and V2,0 are determined using the methodology described in the S&P Dow Jones Index Mathematics Methodology document downloaded from http://www.spindices.com/documents/indexpolicies/methodology-index-math.pdf.
8 Proportional transaction costs are well studied in the literature (see, e.g., Constantinides, 1986) .
the equity and cash indices, respectively. Here L e t−1 and L c t−1 are the respective leverage factors on day t − 1 after rebalancing due to changes in the values of the equity and cash components of the strategy, that is,
Measuring and testing strategy performance
The CER represents the minimum risk-free return that an investor is willing to accept in preference to a risky asset/portfolio return. Specifically, it is measured by c in the following equation:
where R t is the return to the risky asset (or portfolio), u(.) represents the utility function of the investor, and E[.] is the unconditional expectation operator.
Using this concept, the objective is to compare the performance of a particular strategy (say strategy 0), with a set of N competing strategies. Thus we seek the solution to the following equations:
. . .
where c 0 is the CER associated with strategy 0, and δ 1 , . . . , δ N are the (risk-adjusted) costs/benefits (henceforth differential CER values) to using strategy 0 with respect to strategies 1 to N .
The above can be written more compactly via the introduction of suitable notation. Let the vector-valued function be defined as h(R t , θ) = u(c 0 − δ) − u(R t ), where δ = (0, δ 1 , . . . , δ N ) , θ = (c 0 , δ 1 , . . . , δ N ) and R t = (R 0,t , R 1,t , . . . , R N,t ) . It follows that the system can be written as the following set of N + 1 moment conditions:
As the number of moment conditions equals the number of unknown parameters then the system is exactly identified. It follows that one can use the MM estimator (cf. the generalised method of moments estimator). Replacing population expectations with sample averages, the MM estimator is given by the solution to the following set of N + 1 sample moment conditions:
That is, the MM estimator θ is given by the solution to g T ( θ) = 0.
Standard results demonstrate that this MM estimator is consistent and asymptotically normal. Specifically, we have
where
This result enables statistical inference to be applied to relative strategy performance. Thus not only do we have a method of calculating the economic value of an investment strategy (and hence its economic significance), we also have a way of testing its statistical significance.
It is possible to analytically solve the above sample moment conditions under a range of utility function assumptions. Given its widespread use, we assume that investor utility is given by the following power utility function:
where γ is the relative risk aversion parameter. Then, when γ = 1 we have the following solution:
And when γ = 1 we have
Moreover, inference is achieved by noting that if we wish to test the null that θ 0 equals zero then the A(0) matrix in (12b) is given by
where 1 1×N is an (N × 1) vector of ones, 0 N ×1 is an (N × 1) vector of zeros, and I N is an N -dimension identity matrix. The Ω(0) matrix is obtained using sample means of the cross product terms.
The above framework delivers measures of the relative economic values (differential CER values) of strategy k in comparison to competing strategies. Moreover, it enables users to test the null hypothesis that these relative economic values take a particular value (most obviously zero). We can go further and use the p-values from these tests to construct a desirability index. The idea behind the desirability index is simple. Consider a strategy that dominates all competing strategies. Under the null hypothesis that the differential CER value is less than or equal to zero (against the alternative that it is greater than zero) for each comparison, this strategy will be associated with a set of low p-values. Taking the product of the p-value complements will deliver a value close to one. For this reason our desirability index is given by this product, with successful strategies having a value close to one and unsuccessful strategies having a value close to zero. Moreover, the 'dominant' strategy has the highest desirability amongst its competitors. 9
3 Application
An application of the above methods to data is provided in this section.
Data
Official RC index data were obtained from the S&P Dow Jones Indices website http:// us.spindices.com/index-family/strategy/risk-control, and cover the period from January 1, 2006 to December 31, 2014. The series considered are the S&P 500 RC 5%, 7%, 7.5%, 10%, 12%, and 15% total return indices. 10 9 An alternative criterion is also considered that is more selective. It selects a 'dominant' strategy only if it has the highest desirability index and has a desirability index greater than one half. It follows that this criterion only provides a winner if it is sufficiently dominant. Results associated with this criterion deliver similar results and are available on request.
10 The percentage refers to the (annualised) RC level.
To obtain a longer span of data and to permit examination of the parameters govern- 
Static performance analysis
The analysis begins by investigating the performance of the cash/equity (RC) strategy using the MM methodology described in section 2.
Summary statistics
Summary statistics associated with the official and synthetic cash/equity (RC), cash, and equity strategies are provided in Table 1 . To enable comparison of the official and synthetic datasets, the common sample period January 1, 2006 to December 31, 2014 is used. We confine results to the RC levels associated with the official RC index, that is, 5%, 7%, 7.5%, 10%, 12%, and 15%. Moreover, statistics associated with the synthetic cash/equity (RC) strategy based on the sample period January 1, 1956 to December 31, 2014 are provided.
Insert Table 1 here The results accord to prior expectations. First, as the RC level increases, the mean return increases. Moreover, the reward to risk to the cash/equity (RC) strategy appears greater than that associated with the equity strategy as indicated by the Sharpe ratios. This implies that altering the leverage factor not only maintains a constant volatility level, but also generates greater returns. Second, the performance of the official cash/equity (RC) strategy is very similar to its synthetic counterpart. For instance, the mean annualised returns to the official and synthetic cash/equity (RC) strategies with a 15% RC level are 10.233% and 10.244%, respectively. Thus the construction of the synthetic RC index seems valid. Third, the cash strategy delivers the lowest mean and volatility. Moreover, the choice of daily interest rate is likely to affect performance, with the mean federal funds rate lower than the mean overnight dollar LIBOR rate. 13 Fourth, the performance of the strategies change over the longer 1956 to 2014 sample period. However, relative strategy performance remains broadly unchanged.
The results in Table 1 also indicate that the cash/equity (RC) strategy returns are negatively skewed. Moreover, they are more negatively skewed than the equity strategy returns in the post-2006 period only. It is during this period that the cash/equity (RC) strategy enjoys a noticeably higher Sharpe ratio in comparison to the equity strategy. This observation raises the possibility that this superior performance (in the post-2006 period) may simply be compensation for taking on additional skewness risk; see Amaya et al. (2015) for empirical evidence of a negative relationship between individual equity returns and skewness.
To gain further insight into the performance of the strategies, Figure 1 contains a plot of the cumulative returns to each $1 invested in two cash/equity (RC) strategies (with 5% and 15% RC levels), and the equity and cash strategies over the 2006 to 2014 sample period. Two additional plots contain cumulative returns to the official and synthetic cash/equity (RC) strategies. The first plot provides clear evidence that the cash/equity (RC) strategies are able to avoid the large losses to equity during the 2008/09 financial crisis period by switching to cash. The second and third plots confirm that there are almost no differences between the performance of the official and synthetic cash/equity (RC) strategies.
Insert Figure 1 here
The time series return plots in Figure 1 also highlight the differences between the strategies.
In particular, the equity strategy returns exhibit time-varying levels of volatility, while the cash/equity (RC) strategy returns are characterised by (near) constant conditional volatility levels. Thus the cash/equity (RC) strategy is able to avoid episodes of high volatility by shifting out of equity (cf. the equity strategy). 13 The official and synthetic RC indices are based on the S&P 500 equity index and overnight dollar LIBOR interest rates. However, over the 1956 to 2014 sample, it is necessary to use federal funds rates as overnight dollar LIBOR interest rates are not available over this period. Figure 1 also contains plots of daily bid-ask spreads and the leverage factor levels associated with the two cash/equity (RC) strategies (with 5% and 15% RC levels). The bid-ask spreads are constructed using the method proposed by Roll (1984) applied to all trades in the S&P 500 index futures contract with shortest maturity. The bid-ask spreads exhibit considerable variability of the period, with a peak coinciding with the high volatility episode observed during late 2008. Moreover these higher bid-ask spread levels appear to occur when the cash/equity (RC) strategies are most active as evinced by the large swings in leverage factor levels at this time.
Taken together this evidence suggests that the superior performance of the cash/equity (RC) strategies during the post-2006 period may not occur if transaction costs are taken into account. This conjecture will be examined later in the paper.
The costs/benefits of RC
The use of synthetic cash/equity (RC) strategies enables examination of performance over a longer period -an important feature given the likely users of these strategies such as pension fund managers. To this end, the results in Table 2 provide the differential CER values and an indication of the (one-sided) significance of the null hypothesis of zero costs to using the cash/equity (RC) strategy with RC levels of 5%, 7.5%, 10%, 12.5%, and 15%. In addition, we consider an RC level that delivers the same returns to the cash/equity (RC) strategy as the equity strategy (henceforth this is referred to as the equity-calibrated RC level ). These are calculated using the power utility function with risk aversion parameter values given by γ = 0, 1, 2, 4, 8, 16, 32, and data observed from January 1, 1956 to December 31, 2014.
Insert Table 2 here The results highlight a number of features of the data. First, for risk-neutral investors, the equity strategy is the best for RC levels less than 15%. For instance, the cash/equity (RC) strategy with an RC level of 10% delivers annualised differential CER values (returns under risk-neutrality) of −1.7% with respect to the equity strategy and 3.9% with respect to the cash strategy. The last of these is significantly different from zero (at the 1% level). Second, as the risk aversion parameter value increases, the performance of the cash/equity (RC) strategy improves with respect to (more risky) equity (becoming significant when γ ≥ 8) and worsens with respect to (less risky) cash (becoming insignificant when γ ≥ 8). Importantly, this improvement with respect to equity occurs when the equity-calibrated RC level is used -implying that the cash/equity (RC) strategy is capable of delivering equity-like returns with lower variance.
Finally, the RC level alters these costs/benefits in predictable ways. In particular, as the RC level is increased, the cash/equity (RC) strategy becomes less cash-like and more equity-like. This affects the differential CER values and, to a slightly lesser extent, the significance of these values.
To gain additional insight into relative performance, the first row in Figure 2 provides plots of the desirability of the cash/equity (RC) strategies (each with a different RC level) against the cash and equity strategy benchmarks. 14 As risk aversion increases, the desirability decreases with respect to cash, and increases with respect to equity (for modest risk aversion levels only). Taking the product of these individual desirability values gives an overall picture of the desirability of the cash/equity (RC) strategies -see panel (c) . This plot shows that there are differences over the cash/equity (RC) strategies, with low (high) RC level strategies more desirable for more (less) risk-averse investors. It is also noticeable that the desirability index exhibits an inverted U-shaped pattern over risk aversion space, reaching a peak level of around 0.9. This result ultimately reflects the tradeoff between the cash/equity (RC) strategy dominating cash at low risk aversion levels, and equity at high risk aversion levels.
Insert Figure 2 here
Constant transaction cost effects
The analysis thus far has assumed zero transaction costs. This assumption is now relaxed and the overall desirability of each strategy (with respect to all other strategies) is calculated.
The results in Table 3 provide the risk aversion regions in which a particular strategy is dominant (henceforth referred to as the dominant risk aversion region), and are based on the following constant proportional transaction costs: κ 1 = κ 2 = 0, 0.0005, 0.001, 0.0025, 0.005. These costs are lower than the estimated values associated with trading individual shares within the S&P 500 index; see Hasbrouck (2009) for estimates of around 0.01 (100 basis points). However, they cover the most likely costs incurred when tracking the S&P 500 index using closely related securities. For instance, the mean daily bid-ask spread (based on the Roll estimator applied to S&P 500 index futures transaction data over the period 2006 to 2014) equals 0.0001465 (that is, 1.465 basis points); see Hasbrouck (2004) for similar evidence, and Poterba and Shoven (2002) who provide an estimate of 0.00096 (9.6 basis points) based on ETF data. Thus the middle value of 0.001 represents the transaction cost likely to be incurred when using ETF data.
Insert Table 3 here The results confirm those in previous tables that equity is the dominant strategy for low risk aversion investors, cash dominates for high risk aversion investors, and the cash/equity (RC) strategy dominates for intermediate investors. Importantly, for low transaction costs the cash/equity (RC) strategy dominates for risk aversion regions that coincide with risk aversion levels observed in previous studies; see, e.g., Aït-Sahalia and Lo (2000) and Bliss and Panigirtzoglou (2004) for empirical evidence that the risk aversion levels of the typical investor under power utility range from 3 to 12. For instance, the cash/equity (RC) strategy with an RC level of 10%, and transaction costs of 10 basis points, dominates for γ ∈ [4, 6].
The success of the cash/equity (RC) strategy erodes as transaction costs increase. Indeed for transaction costs of 25 basis points and higher, this success largely disappears. 15 Instead it is the cash and equity strategies that dominate. This change in performance is due to the lower turnover levels associated with the cash and equity strategies.
Sample effects
The recent introduction of RC indices by various providers may be due to a number of reasons. One possibility is that it simply reflects developments in the modeling and forecasting 15 The impact of transaction costs has a large impact on the cash/equity (RC) strategy because of the frequent updating of the leverage factor values as new information becomes available. It follows that these costs can be mitigated by updating less often -though the mitigation effects are minor. Results associated with lower frequency updating are available on request.
The plots in Figure 2 provide additional proof of the superior performance of the cash/equity (RC) strategy over the latter sub-period. In particular, the second row (pre-2006 data) and third row (post-2006 data) of this figure provide plots of the desirability of the cash/equity (RC) strategy with various RC levels in comparison to the other strategies. A key factor driving the difference in overall desirability over the two samples is the superior performance of the cash/equity (RC) strategy with the equity-calibrated RC level over the equity strategy.
In panels (e) and (h) of Figure 2 , we see that as risk aversion levels increase, this cash/equity (RC) strategy is more desirable than the equity strategy, with this desirability stronger in the post-2006 period.
It is therefore natural to ask why the cash/equity (RC) strategy with the equity-calibrated RC level performs so well in the post-2006 period. Recall that the returns to the equity strategy exhibit time-varying levels of volatility, while the cash/equity (RC) strategy returns do not. It follows that there are periods when the equity strategy is exposed to high volatility levels, whereas the cash/equity (RC) strategy is exposed to a constant level of volatility. If the high volatility levels deliver high returns (and these more than compensate for the low returns delivered during the low volatility periods) then the performance of the equity strategy would be superior to the cash/equity (RC) strategy.
The contrary evidence to this prediction observed in the post-2006 sample is consistent with the empirical results concerning the break down in the positive and linear risk-return relationship around the financial crisis documented in Ghysels et al. (2013) and Adrian et al. (2015) , and with the argument that this period is characterised by flight to safety behaviour (Baele et al., 2014) . The latter behaviour is characterised by periods of market stress (high equity return volatility) and low equity returns as investors switch to safer assets. Under such conditions users of the equity strategy will experience high volatility and low returns leading to inferior performance.
Time-varying transaction cost effects
The evidence is Figure 1 shows that proportional transaction costs vary over time. Moreover, it is quite possible that they are at their highest level precisely when the cash/equity (RC) strategies are most active. The product of these effects may result in very high total transaction costs (see (6)), rendering the cash/equity (RC) strategies inferior to competing strategies. To examine this conjecture we recalculate the dominance regions based on trading inclusive of timevarying proportional transaction costs, denoted κ t , as given the Roll bid-ask spread estimator applied to S&P 500 index futures transaction data. Specifically, we re-estimate the dominant risk aversion regions over the sample periods: April 21, 1982 to December 31, 2015, and the associated pre and post-2006 sub-periods. 16 Moreover, as actual transaction costs are likely to be higher than the estimated bid-ask spreads (because of broker commissions, or use of ETF securities with higher transaction costs) we multiply the estimated bid-ask spreads by one of the following: τ = 0, 1, 10, 25, 50. This amounts to replacing κ 1 and κ 2 in (6) with τ κ t . The results associated with the cash/equity (RC) strategy (using the equity-calibrated RC level) are provided in Table 6 .
Insert Table 6 here The results demonstrate that when proportional transaction costs are given by the estimated bid-ask spread (that is, τ = 1), the cash/equity (RC) strategy has a dominant risk aversion region from 1 to 7 (full sample), 1 to 7 (pre-2006 sample) and 0 to 8 (post-2006 sample).
Moreover, as τ increases, differences in the results over the samples emerge. In particular, the post-2006 sample results indicate that the cash/equity (RC) strategy is able to dominate the other strategies even over high τ values. For instance, during this period, this strategy has a dominant risk aversion region from 1 to 7 even when proportional transaction costs are ten 16 The start of this sample period represents the earliest date on which S&P 500 index futures data are available. times higher than the estimated bid-ask spreads (that is, τ = 10). By contrast, during the pre-2006 period, this strategy is not dominant over any risk aversion region when τ > 1. Thus, this evidence does not support the conjecture that cash/equity (RC) relative performance in the post-2006 period is driven by the insufficient account of high transaction costs observed during this period.
Dynamic performance analysis
The sample effects documented above can be further examined by considering relative performance at each point in time. To this end, we develop a new methodology based on the use of intraday data.
Measuring performance
The above analysis assesses average performance over the entire sample period; see use of the unconditional expectation in the definition of the CER in equation (7). However, as the cash/equity (RC) strategy is conditional in nature it may offers benefits not captured by the unconditional CER approach. To address this shortcoming we augment the analysis by developing a CER measure that is allowed to vary continuously over the sample. This is achieved via use of intraday data (cf. the interday data used previously).
The new CER measure is based on repeated calculation of expectations based on intraday data, where each day t has unit length with the full grid of all observation points given by G = {t 1 , . . . , t M }. Specifically, we replace the full sample averages in (10) with daily sample averages (based on intraday data), such that the MM estimator of the daily CER measure is given by the solution to the following set of N + 1 sample moment conditions:
where θ t = (c 0,t , δ 1,t , . . . , δ N,t ) and R tm = (R 0,tm , R 1,tm , . . . , R N,tm ) . Here E M [.] represents the sample average of intraday data observed each day. The vector-valued function is defined as h(R tm , θ t ) = u(c 0,t − δ t ) − u(R tm ). In turn, we assume that investor utility is represented by the following second-order approximation to the instantaneous power utility function (felicity function):
where γ is the relative risk aversion parameter. 17
In our particular application R tm consists of intraday (five-minute frequency) returns to the cash/equity (RC) strategy, the equity only strategy (R e tm ), and the cash only strategy (R c tm ). If we assume that cash delivers zero returns then the above felicity function can be expressed as
where L t is the daily leverage factor value used in the cash/equity (RC) strategy. 18 Substituting this expression into the sample moment conditions given by (16) and rearranging leads to the following differential CER values:
where M 1,t = E M [R 1,tm ] and M 2,t = E M [R 2 1,tm ] are the first and second daily realised moments of intraday equity returns. 17 The analysis can easily be extended to higher order approximations. The virtue of using the second-order approximation is that it enables derivation of compact formulae relating to relative performance. 18 The assumption of zero returns to cash enables derivation of compact formulae.
The differential CER values of the cash/equity (RC) strategy with the equity-calibrated RC level in comparison to the equity strategy are provided in Figure 3 . The risk aversion parameters used correspond to assuming that investors are risk-neutral (γ = 0) or highly riskaverse (γ = 32). These values are based on the use of intraday data observed over the period January 1, 1990 to December 31, 2014 Insert Figure 3 here
The kernel-smoothed plots in Figure 3 demonstrate that the relative performance of the cash/equity (RC) strategy varies considerably over time. Moreover, for risk-averse investors (γ = 32), this strategy appears to enjoy two distinct episodes of superior performance. These coincide with the high volatility periods observed in the aftermath of the 2001 US recession and in the 2008/09 financial crisis. During these episodes, the utility to the equity strategy falls as there is insufficient reward to taking on the extra risk (that is, returns do not increase with risk during these periods). The net effect is an increase in the relative performance of the cash/equity (RC) strategy during these periods. This result in consistent with flight to safety behaviour.
The above results assume that the non-cash strategies track the S&P 500 index. As tracking the index is likely to be costly it could be argued that they are unrealistic. To address this issue, the analysis is repeated using closely related traded assets, namely, S&P 500 index futures contracts and the SPDR S&P 500 ETF Trust. The results presented in panels (b) and (c) of Figure 3 provide evidence that is similar to that given in panel (a). Thus, for investors who trade futures and ETF markets there appears to be similar dynamic variation in performance.
The determinants of performance
The next stage of the analysis examines the determinants of the relative performance of the cash/equity (RC) strategy with the equity-calibrated RC level. Five daily frequency exogenous variables are considered: lagged realised variance (RV), lagged variance risk premium (VRF), lagged flight to safety (FTS), lagged bid-ask spread (BAS), and lagged business conditions (ADS) variables. 20 The relationship between relative performance and these exogenous variables is investigated using the following time series regression:
for i = 1, 2. The RV variable is constructed by summing squared five minute frequency S&P 500 index returns, the VRP variable is constructed by taking the difference between the square of the VIX index and expectations of RV, the FTS variable represents the FTS probability based on a threshold model applied to the ordinal FTS index used in Baele et al. (2014) , and the BAS variable is constructed using the method proposed by Roll (1984) applied to all trades in the S&P 500 index futures contract with shortest maturity. 21
Use of the RV variable is motivated by the results presented above that appear to show that performance is affected by market volatility. The remaining variables attempt to measure risks that are not captured by the second-order felicity function used in the analysis. In particular, VRP has been interpreted as a measure of the representative agent's risk aversion (see, e.g., Rosenberg and Engle, 2002 , Bakshi and Madan, 2006 , and Bollerslev et al., 2008 , or macroeconomic uncertainty risk (see, e.g., Bollerslev et al., 2009, and Drechsler and Yaron, 2008) . The FTS variable captures FTS episodes whereby a switch from equity to bonds occurs during peri-20 The use of lagged variables establishes the direction of causality from the variables to relative performance. 21 The heterogeneous autoregressive (HAR) model introduced by Corsi (2009) is used to generate forecasts of future realised variance. See Bekaert and Hoerova (2014) for a similar approach to measuring the VRP. ods of market stress (see, e.g., Baele et al., 2014 , for evidence of the relationship between FTS and market liquidity). The BAS variable attempts to capture liquidity constraints that occur during periods of financial market turmoil (Nagel, 2012) . Finally, the ADS business conditions variable attempts to capture other forms of risk that covary with the macroeconomy.
The results in panel (a) of Table 7 contain the ordinary least squares (OLS) standardised coefficients associated with the above regression for the cash/equity (RC) strategy with the equity-calibrated RC level against the equity benchmark strategy where γ = 0, 1, 2, 4, 8, 16, 32. These results are based on using data observed over the period January 1, 1990 to December 31, 2014 Insert Table 7 here
The results reveal a number of important features. First, as aversion to risk increases, all exogenous variables appear to have increasing explanatory power. For instance, the adjusted R 2 monotonically increases from 1.6% (when γ = 0) to 14.8% (when γ = 32). Second, all five exogenous variables appear to have a role in predicting future cash/equity (RC) performance, with RV having the greatest economic significance (as evinced by the standardised OLS coefficients). Moreover, for risk-averse investors the majority of the effects are consistent with their theoretical (risk) interpretations such that RV, FTS and BAS have positive and significant coefficients, while ADS has a negative and significant coefficient. 23 Similar results hold when using futures and ETF data; see panels (b) and (c) in Table 7 . Therefore, the relative performance of the cash/equity (RC) strategy appears to be determined by risk factors relating to macroeconomic and liquidity conditions. It is also of interest to consider the extent to which the exogenous variables are able to 22 The sample period represents the longest span of available exogenous variable data. 23 A negative and significant VRP coefficient is observed under risk neutrality (γ = 0). This result is consistent with the positive relationship between equity returns and VRP found in the literature; see, e.g., Bollerslev et al. (2009). explain the large increases in differential CER values particularly in the aftermath of the 2001 US recession and during the 2008/09 financial crisis. To this end, we plot the differential CER values after adjusting for the effects of the exogenous variables (achieved by plotting the residuals from (20)). The results in panels (d) , (e) and (f) in Figure 3 show that for the index, futures and ETF market uses, the large increases are considerably reduced with flatter profiles apparent. Thus, we are able to rationalise the performance peaks via the effects of the exogenous variables.
Equilibrium risk preferences
The above framework assumes that investor risk aversion is constant over time. However, a number of theoretical asset pricing models have been developed that require the representative agent to have time-varying risk aversion in order to explain features such as stock return predictability or the equity premium (see, e.g., Campbell and Cochrane, 1999) . This assumption can be investigated by calculating the risk aversion levels that drive differential CER values to zero at all points in time. As we have a differential CER value for each benchmark then it follows that we have two 'equilibrium' γ levels (at each point in time). The above formulae for δ 1,t and δ 2,t are equated to zero and solved for γ to give the following equilibrium γ values:
Here γ * 1,t and γ * 2,t correspond to equilibrium γ values when using the equity and cash strategy benchmarks, respectively. If M 1,t is positive (negative) then γ * 2,t is greater (less) than γ * 1,t .
Kernel-smoothed plots of the equilibrium γ values are provided in Figure 4 . Only γ *
1,t
values are presented as we confine attention to the cash/equity (RC) strategy with the equity-calibrated RC level. These are based on using index, futures and ETF data observed over the period January 1, 1990 (February 1, 1993 when using ETF data) to December 31, 2014.
Insert Figure 4 here
The plots in Figure 4 show that there is considerable variation in risk attitudes over time.
During the early 2000s the bear market was sufficiently intense (M 1,t < 0) that all equilibrium γ values become negative. Since this period (and particularly after the 2008/09 financial crisis) investors appear to have become increasingly averse to risk. To examine whether this finding is due to the use of a particular felicity function, we repeat the analysis using a fourth-order felicity function. 24 The results confirm that there has indeed been an increase in risk aversion levels over recent years -a finding consistent with the survey based evidence of Guiso et al. (2013) . Thus it is quite possible that if investors have a utility function with time-varying risk aversion then cash/equity (RC) strategies may provide little economic value (that is, deliver differential CER values close to zero).
Conclusion
Cash/equity (RC) strategies provide a safer investment during periods of high volatility than a naked equity position, yet permit exposure to the equity market during calm periods. The net result is that they provide investors with a middle ground in terms of risk and return. For reasonable risk aversion parameter values and transaction costs, such strategies dominate cash only and equity only strategies. However, this dominance decays as transaction costs increase and appears to be highly sensitive to the sample period used. Additional analysis reveals that 24 This function is given by
where previous notation is maintained.
risk factors based on realised volatility, bid-ask spreads, flight to safety effects and business conditions contribute to the observed performance of cash/equity (RC) strategies.
The results of this paper have important implications for investors and the designers of financial products. On the demand side, fund managers should be wary of tracking RC indices unless they can trade at exceptionally low transaction costs. Moreover, they should confine tracking to periods in which the benefits have economic value adjusted for risks based on macroeconomic and liquidity conditions. On the supply side, for providers of indices it may be fruitful to invest more effort into improving the quality of RC indices via use of more accurate volatility forecasting models. Models based on the use of realised volatility that incorporate options-based implied volatility measures such as the VIX index may prove fruitful. Notes: This table contains differential CER estimates (given in annualised terms) associated with cash/equity (RC) strategies (with various RC levels) against various benchmark strategies. All strategies assume that investors have power utility, and are based on data observed over the period January 1, 1956 to December 31, 2014. Rejections of the null that the differential CER estimates are less than or equal to zero are given by * (5% significance) and ** (1% significance). Notes: This table contains the parameters (standardised coefficients and adjusted R 2 statistics) associated with regressions of daily differential CER values (against the equity benchmark) on the lagged realised variance (RV), lagged variance risk premium (VRP), lagged flight to safety (FTS), lagged bid-ask spread (BAS), and lagged business conditions (ADS) variables. The cash/equity (RC) strategy uses the synthetic RC index with the equity-calibrated RC level. All strategies assume that investors have a second-order felicity function, and are based on S&P 500 index return data (panel (a)), S&P 500 index futures return data (panel (b) ) or S&P 500 index ETF return data (panel (c)) observed over the period January 1, 1990 (February 1, 1993 for ETF data) to December 31, 2014. Rejections of the null that each coefficient (tested via a conventional t-test) or overall fit (tested via a conventional F-test) equal zero are given by * (5% significance) and ** (1% significance). This figure contains time series plots of the cumulative returns to the cash, equity, and cash/equity (RC) strategies (with 5% and 15% RC levels). The cash/equity (RC) strategies in panel (a) are based on synthetic RC data, and in panels (b) and (c) are based on official and synthetic RC data. The figure also contains time series plots of the equity strategy returns (panel (d) ), the cash/equity (RC) strategy returns with 5% and 15% RC levels (panels (e) and (f), respectively), bid-ask spreads (panel (g)), and the cash/equity (RC) strategy leverage factor levels with 5% and 15% RC levels (panels (h) and (i), respectively). All plots are based on data observed over the period January 1, 2006 to December 31, 2014. 
Figure 4 -Equilibrium risk preferences
This figure contains (kernel-smoothed) time series plots of the equilibrium risk preference parameter γ, such that the differential CER values associated with the cash/equity (RC) strategy (using the equity-calibrated RC level) against the equity strategy equal zero. The sample average of the equilibrium risk preference parameter is indicated by the dashed line. Results in panels (a) and (d) are based on index data, panels (b) and (e) are based on futures data, and panels (c) and (f) are based on ETF data. All strategies assume that investors have either a second-order felicity function (panels (a) to (c)) or a fourth-order felicity function (panels (d) to (f)), and are based on index, futures or ETF data observed over the period January 1, 1990 (February 1, 1993 for ETF data) to December 31, 2014.
